Human leukemic cells resistant to 5-fluoro-2'-deoxyuridine contain a thymidylate synthetase with lower affinity for nucleotides.
A line of human lymphocytic leukemia cells (CCRF-CEM) has been obtained which is 140-fold resistant to the potent cell growth inhibitor 5-fluoro-2'-deoxyuridine (FdUrd). The cells were also 11-fold cross-resistant to 5-fluorouracil. In contrast to several previous studies involving FdUrd-resistant mouse cells, thymidylate synthetase levels were not substantially elevated in these FdUrd-resistant human leukemic cells. Thymidine kinase activity was also unchanged in the resistant cells, although the levels of 5-fluoro-2'-deoxyuridylate (FdUMP), the potent inhibitor of thymidylate synthetase, generated at equimolar doses of FdUrd were about 40% lower than in the sensitive cells. Studies of the kinetics of FdUMP binding to thymidylate synthetase isolated from the FdUrd-resistant cells disclosed a considerably higher dissociation constant (Kd = 1.0 X 10(-9) M) for the ternary covalent enzyme . FdUMP . 5,10-methylene tetrahydrofolate complex compared to the value obtained with enzyme from sensitive cells (Kd = 4.4 X 10(-11) M). The thymidylate synthetase from the FdUrd-resistant cells also showed 17-fold weaker binding of 2'-deoxyuridylate, even though the Km value for 2'-deoxyuridylate was 3-fold lower compared to the enzyme from FdUrd-sensitive cells. The turnover number of the altered enzyme was 1.8-fold higher than that for the normal enzyme but the rate constants for the release of FdUMP from the ternary complex, which is also an enzyme-catalyzed reaction, were identical for both enzymes. Electrophoresis of the radiolabeled ternary complexes on nondenaturing gels showed small but reproducible differences in migration rates. These results demonstrate that the mechanism of resistance to FdUrd in this cell line involves an alteration in the target enzyme, thymidylate synthetase, which causes it have a lower affinity for nucleotides.